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HEAT ACTIVATED REINFORCING SLEEVE 
FIELD OF THE INVENTION 

5 This invention relates to a reinforced sleeve coupled to a frame assembly so 

as to increase the structural strength and stiffness of the frame at selected locations. 
More particularly, the invention relates to a sleeve coupled to the pillar portion of an 
automobile frame, wherein the sleeve supports a reinforcing medium that becomes 
chemically active and expands in response to a predetermined change in ambient 

io conditions. 

BACKGROUND OF THE INVENTION 

For many years the automobile industry has been concerned with designing 
is improved vehicle body structures that absorb or deflect impact loads imposed on the 
vehicle at or near the passenger compartment. While reinforcing the surfaces 
surrounding the vehicle passenger compartment has long been practiced in the 
automotive industry, often the structures used to reinforce the frame surrounding the 
passenger compartment include metal components. These metal reinforcement 
20 members tend to add unwanted weight to the automobile. In other instances, the 
reinforcing members include complex configurations that require welding or 
mechanical fasteners to affix the reinforcement member to the frame. 

Consequently, there is needed a lightweight, easily installed apparatus for 
reinforcing the automobile frame structure, particularly in the area of the passenger 
25 compartment. 

SUMMARY OF THE INVENTION 

An object of the present invention is to define a reinforcing sleeve that 
enhances the capacity of an automobile frame assembly to dissipate energy from an 
30 impact load imposed on the vehicle frame to avoid deformation of the frame in 
special locations. 

To accomplish this and other objects, there is provided a sleeve including a 
carrier and a reinforcing, medium supported by the carrier. The carrier is fabricated 
from a polymeric material, and includes an interior and exterior surface. 
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The reinforcing medium extends along at least a portion of the length of the 
exterior of the carrier. The reinforcing medium is an epoxy-based resin. Preferably 
the reinforcing medium is a heat-activated structural foam that expands upon 
heating, typically by a foaming reaction. The preferred reinforcing materials are 

5 structural foams available from L&L Products of Romeo, Michigan under the 
designations L5206, L5207, L5208 and L5209. 

The sleeve is formed by (1 ) providing a carrier; (2) reinforcing the carrier by 
applying a reinforcing medium thereto; and (3) heating the reinforcing medium to a 
temperature sufficient to cause the reinforcing medium to expand and adhere to 

io adjacent surfaces, either via a bonding formulation in the reinforcing medium itself or 
via a separate adhesive layer. 

A general method for installing the sleeve in a frame member includes (1 ) 
providing a carrier having a hollow portion; (2) coupling the sleeve to the carrier; and 
(3) heating the energy absorbing medium to a temperature sufficient to cause the 

15 reinforcing medium to expand, such as via activation of a blowing agent. 

In one embodiment, the sleeve is coupled to a pillar portion of an automobile 
frame. The sleeve is received in the hollow portion of the pillar frame, wherein the 
sleeve includes a carrier and an reinforcing medium supported by the carrier. The 
reinforcing medium extends along at least a portion of the length of the carrier, and 

20 becomes chemically activated upon heating the foam to its thermal activation 
temperature.' 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and inventive aspects of the present invention will become more 
25 apparent upon reading the following detailed description, claims and drawings, of 
which the following is a brief description: 

FIG. 1 is an elevational view of a typical automobile frame assembly. 
FIG. 2 shows a perspective view of a reinforced sleeve formed in accordance 
with the teachings of the invention. 
30 FIG. 3 shows a cross-sectional view of the sleeve of FIG. 2 taken along the 

line 3-3. 

FIG. 4 shows the sleeve of FIG. 2 in the uncured state installed in an 
automobile frame at the B-pillar portion of the frame. 
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FIG. 5 shows a cross-section view of the sleeve of FIG. 2 in the cured state 
installed in an automobile frame at the B-pillar portion of the frame. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

5 FIG. 2 shows a reinforced sleeve 20 formed in accordance with the teachings 

of this invention. The sleeve 20 includes a carrier 22 and a reinforcing medium 24 
supported by the carrier 22. 

The carrier 22 is an elongated member having open end portions 26, 28. At 
the end 26, the carrier 22 includes a U-shaped notch 36 and an elongated opening 

10 32, each of which aligns with mating components on an automobile frame, or 

alternatively permits venting of the sleeve 20. At the opposite end 28, the carrier 22 
defines an opening (not shown), which also aligns with mating components of an 
automobile frame or alternatively permits venting of sleeve 20. The exterior surface 
of the carrier 22 supports an outwardly extending C-shaped bracket 30 between the 

15 end portions 26, 28. 

Internally, the carrier 22 is reinforced by an interior plate 40, as best seen in 
FIG. 3. The plate 40 is located approximately at the center portion of the carrier 22, 
and includes two openings 42, 44 for permitting the passage of components through 
the carrier 22. It will be appreciated that the openings 42, 44 may also permit 

20 ventilation of the carrier 22 if necessary. 

The interior surface of the carrier 22 also supports reinforcing ribs 38. The 
ribs 38 extend axially along the carrier 20 beginning at each end 26, 28 and 
extending inwardly toward the plate 40. The ribs 38 terminate at the respective sides 
of the plate 40. 

25 Preferably, the carrier 22 is fabricated of a moldable material. A preferred 

polymeric material is glass-reinforced nylon. The carrier 22 can be formed using 
known techniques such as injection molding, insert injection molding, die casting or 
blow molding. One advantage of the carrier 22 being fabricated of a moldable 
material is the ability to mold the carrier 22 into a variety of configurations. 

30 Specifically, the carrier 22 can be fabricated using a mold having virtually the same 
configuration as the component to which the carrier 22 will be coupled or inserted. 
This facilitates assembling the carrier 22 with the mating component without the 
need for mechanical fasteners or welding. 



3 



WO 01/68394 



PCT/U SO 1/06735 



Turning now to a discussion of the reinforcing medium 24, as seen in FIGS. 2, 
4 and 5, the carrier 22 supports the reinforcing medium 24 along at least a portion of 
its exterior surface. The primary purpose of the reinforcing medium 24 is to increase 
the structural strength and stiffness of the sleeve 20. In the preferred embodiment, 

5 the reinforcing medium 24 is a structural foam. The structural foam 24 increases the 
compressive strength and structural stiffness of the sleeve 20 without adding 
significantly to the overall weight of the sleeve 20. 

Typically, the structural foam 24 is applied to the carrier 22 in the areas where 
bonding contact and load transfer is needed. It will be appreciated that the structural 

10 foam 24 may encapsulate the entire carrier 22 or may be applied only at preselected 
locations. The structural foam 24 substantially covers the entire carrier 22 shown in 
FIG. 2. Note, however, that it is not necessary to substantially cover the entire 
surface of the carrier 22 in all applications in which the sleeve will be used. Instead, 
the structural foam 24 can be applied to selected areas on the carrier 22, leaving 

15 other portions of the carrier 22 uncoated. In the example shown in FIG. 2, only the 
end portions 26, 28 and the area of the C-shaped bracket 30 remain uncoated. 

The structural foam 24 is generally applied to the carrier 22 in a solid or semi- 
solid state. The structural foam 24 is applied to the outer perimeter of the carrier 22 
in a semi-solid state using commonly known injection techniques. During the 

20 application process, the structural foam 24 is heated to a temperature that permits 
the structural foam 24 to flow slightly. However, the temperature is not sufficient to 
cause the foam 24 to expand or cure. Upon cooling, the structural foam 24 hardens 
and adheres to the outer surface of the carrier 22. Where the carrier 22 is made of 
polymer, for example, it is possible to inject the structural foam 24 into the mold for 

25 the carrier 22 during the process of molding the carrier 22. This arrangement 

permits the structural foam 24 to substantially encapsulate the outer periphery of the 
carrier 22. 

Alternatively, the structural foam 24 may be applied to the carrier 22 as 
precast pellets, which are heated slightly to permit the pellets to bond to the outer 
30 surface of the carrier 22. At this stage, the structural foam 24 is heated just enough 
to cause the structural foam 22 to flow slightly, but not enough to cause the structural 
foam 24 to thermally expand. Note that other expandable materials can be used, 
such as, without limitation, an encapsulated mixture of materials that, when activated 
by temperature, pressure, chemically, or by other ambient conditions, will expand. 
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The structural foam 24 is an epoxy-based material that may include an 
ethylene copolymer or terpolymer. A copolymer or terpolymer, is composed of two 
or three different monomers, respectively, i.e., small molecules with high chemical 
reactivity that are capable of linking up with similar molecules to create a polymer. 

5 A number of epoxy-based structural reinforcing foams are known in the art 

and may also be used as the structural foam 24. A typical structural foam includes a 
polymeric base material, such as an epoxy resin or ethylene-based polymer which, 
when compounded with appropriate ingredients (typically a blowing agent, filler, 
curing agent, etc.), expands and cures in a reliable and predicable manner upon the 

10 application of heat or another activation stimulus. The resulting material has a 
density that is sufficient to impart desired rigidity to a supported article. From a 
chemical standpoint for a thermally-activated material, the structural foam 24 is 
usually initially processed as a thermoplastic material before curing. After curing, the 
structural foam 1 6 typically becomes a thermoset material. 

15 An example of a preferred structural foam 24 formulation is an epoxy-based 

material that may include an ethylene copolymer or terpolymer commercially 
available from L&L Products of Romeo, Michigan, under the designations L5206, 
L5207, L5208 and L5209. One advantage of the preferred structural foam materials 
24 over prior art materials is that the preferred materials can be processed in several 

20 ways. The preferred materials can be processed by injection molding, extrusion or 
with a mini-applicator type extruder. This enables the formulation and creation of 
part designs that exceed the capability of most prior art materials. 

While the preferred materials for fabricating the structural foam 24 have been 
disclosed, the structural foam 24 can be formed from other materials provided that 

25 the material selected is heat-activated or otherwise activated by an ambient 

condition (e.g. moisture, pressure, time or the like) and expands in a predictable and 
reliable manner under appropriate conditions for the selected application. One such 
material is the epoxy based resin disclosed in U.S. Patent Application Serial No. 
09/460,322, the teachings of which are incorporated herein by reference, filed with 

30 the United States Patent and Trademark Office on March 8, 1999 by the assignee of 
this application. Some other possible materials include, but are not limited to, 
polyolefin materials, copolymers and terpolymers with at least one monomer type an 
alpha-olefin, phenol/formaldehyde materials, phenoxy materials, and polyurethane 
materials with high glass transition temperatures. In general, the desired 
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characteristics of the structural foam 24 include high stiffness, high strength, high 
glass transition temperature (typically greater than 70 degrees Celsius), and good 
corrosion resistance properties. 

In applications where a heat activated, thermally expanding material is 

5 employed, an important consideration involved with the selection and formulation of 
the material comprising the structural foam 24 is the temperature at which a material 
reaction or expansion, and possibly curing, will take place. For instance, in most 
applications, it is undesirable for the material to be active at room temperature or 
otherwise at the ambient temperature in a production line environment. More 

io typically, the structural foam 24 becomes reactive at higher processing 

temperatures, such as those encountered in an automobile assembly plant, when 
the foam 16 is processed along with the automobile components at elevated 
temperatures or at higher applied energy levels. While temperatures encountered in 
an automobile assembly operation may be in the range of 148.89 °C to 204.44 °C 

15 (300 °F to 400 °F), body and paint shop applications are commonly about 121 °C 
(250 °F) or slightly lower. If needed, blowing agents can be altered by activation to 
cause expansion at different temperatures outside the above ranges. 

Generally, prior art expandable foams have a range of expansion ranging 
from approximately 0 to over 1000 percent. The level of expansion of the structural 

20 foam 24 may be increased to as high as 1500 percent or more. 

INSTALLATION 

FIG. 1 shows an automobile 1 having a front door aperture 2, a roof portion 3, 
an A-pillar 4 and a B-pillar 5. The front door aperture 2 is bounded in the longitudinal 
25 direction of the vehicle by the front or A-pillar 4, and the rear or B-pillar 5. At the 
bottom, the door aperture 2 is bounded by a sill 6, and at the top by the roof portion 
3. The A-pillar 4, B-pillar 5, roof portion 2 and the sill 6 form a frame 7 that 
surrounds the passenger compartment, which is internally adjacent the door aperture 
2. 

30 Conventionally, the pillars 4, 5 are hollow beams having a closed profile. 

According to the present invention, the hollow center of the pillars 4, 5 each receive 
the sleeve 20 as best seen in FIG. 1 , 2, 4 and 5. The sleeve 20 is configured such 
that the C-bracket 30, the opening 32 as well as other openings not shown in the 
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figures and the U-shaped portion 36 align with mating components formed or 
supported by the pillars 4, 5. 

As seen in FIG. 4, when the sleeve 20 is installed in the pillar 5, there is a 
slight clearance between the interior of the B-pillar 5 and the sleeve 20. This is so 

5 because the structural foam 24 is in the uncured state and enables the structural 
foam 24 to bond to electrocoat-primed metal rather than non-primed metal. More 
particularly, the clearance permits electrocoat drainage, thereby allowing the primer 
to cover all of the metal surfaces to facilitate bonding of the structural foam and 
prevent corrosion of the metal. 

io FIG. 5 illustrates the position of the structural foam 24 in the automobile frame 

assembly after the curing cycle. As shown, the structural foam 24 adheres to the 
inner surface of the automobile frame assembly, substantially filling the gap between 
the inner surface of the pillar 5 and the sleeve 20. 

The structural foam 24 is fully cured by subjecting the structural foam 24 to 

15 temperatures in the range of those generated by a paint oven of the type used to 
cure automobile body paint or primer. It will be appreciated that paint ovens are 
known to reach temperatures of 121 °C (250 °F) or greater. Thus, it will be 
appreciated that the structural foam may be cured by simply heating the sleeve to a 
temperature of 121 °C (250 °F) or greater. 

20 The high temperatures used to cure the structural foam 24 also cause 

activation of the thermal expansion properties of the structural foam 24. The 
application of the structural foam 24 to the carrier 22 increases the structural 
strength and stiffness of the carrier 22. As a result, the overall structural strength 
and stiffness of the sleeve 20 is increased. 

25 It should be understood that various alternatives to the embodiments of the 

invention described herein may be employed in practicing the invention. It is 
intended that the following claims define the scope of the invention and that the 
method and apparatus within the scope of these claims and their equivalents be 
covered thereby. 
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1 . A reinforced sleeve, comprising: 

an elongated hollow carrier having axially extending ribs on an interior 
wall; and 

a reinforcing medium supported by the carrier, wherein the reinforcing 
medium extends along at least a portion of the length of the carrier. 

2. The reinforced sleeve as defined in Claim 1, wherein the carrier is 
made from a polymer composite. 

3. The reinforced sleeve as defined in Claim 2, wherein the polymer 
composite is one selected from the group consisting of sheet molding 
compound, fiber reinforced polymer, and mineral reinforced polymer. 

4. The reinforced sleeve as defined in any of the preceding Claims, 
wherein the carrier is coupled to an automobile frame system. 

5. The reinforced sleeve as defined in any of the preceding Claims, 
wherein the reinforcing medium is an epoxy-based resin. 

6. The reinforced sleeve as defined in any of the preceding Claims, 
wherein the reinforcing medium is a heat-activated structural foam that 
expands upon heating. 

7. The reinforced sleeve as defined in any of Claims 1 to 6, wherein the 
carrier has an offsetting portion that creates a clearance between the 
sleeve and a surface of an automobile frame when the sleeve is 
coupled to the automobile frame. 

8. An automobile pillar, comprising: 

an elongated hollow beam containing a reinforced sleeve as defined in 
any of Claims 1 to 7. 
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9. The reinforced sleeve as defined in any of claims 1 to 8, further 
including a bracket mounted on said elongated carrier. 

5 10. A method for reinforcing a frame member comprising providing a 

carrier having a hollow portion, coupling a sleeve according to Claims 6 
or Claim 7 to the carrier and heating to cause the reinforcing material to 
expand. 

10 1 1 . A method according to Claim 10, in which the frame member is a pillar 

portion of an automobile frame. 

12. A method according to Claim 10 or Claim 11, in which the heat is 
applied to above 121°C. 



15 



13. A method according to Claim 12, in which the heat is applied at from 
149°C to 205°C. 



20 
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